Vietnam's integration with the international economy has increased significantly over the past decade, aided by substantial liberalization of trade, and appears set to increase further as trade-expanding measures take full effect. This rather dramatic shift in Vietnam's trading patterns has important implications for the environment and use of natural resources. This paper offers a systematic analysis of the trading and investment patterns to give a broader understanding of the environmental implications of greater openness of the economy during the last decade. The results suggest increasing manufacturing and export activity in water and toxic pollution-intensive sectors compared to the less pollution-intensive sectors. The story is, on the surface, consistent with the changing composition of Vietnamese production and exports away from traditional sectors and towards pollution-intensive manufacturing (especially leather and textiles).
I. INTRODUCTION
Trade liberalization and export promotion have been central to Vietnam's continuing economic transition. To this end, Vietnam has pursued a multi-pronged approach to gradually reducing trade barriers and increasing the outward orientation of the economy.
Vietnam's economy has doubled in size during the last decade, while its poverty rate has halved; exports are growing by 20 percent per year (substantially faster than GDP), and foreign direct investment (FDI) inflows by 10 percent per year. The composition of Vietnam's exports and imports has also altered significantly during this period. While the share of crude oil in total exports declined from a third in the early 1990s to a fifth by 2002, manufacturing exports rose from 6 percent to 32 percent (see Because of the linkages between trade and the environment (through scale, composition and technique effects), this rather dramatic shift in Vietnam's trade patterns could have important implications for the environment and use of natural resources. Though the precise environmental impacts of the various bilateral, regional, or multilateral trade 3 The Herfindahl Index is the sum of the squared market shares of all trading partners; a decrease indicates reduced concentration or increased diversification. The remainder of this paper is organized as follows. Section II outlines the general tradeenvironment debate in the literature. Section III outlines the basic model and hypothesis to be tested. Section IV describes the sample and data, and Section V provides empirical evidence in support of the predictions of the model. Section VI concludes the paper with a discussion of the results and their implications.
II. THE TRADE-ENVIRONMENT DEBATE
Environmentalists and the trade policy community have been engaged in a heated debate over the last decade or so over the environmental consequences of liberalized trade. This debate intensified with the creation of the World Trade Organization and the subsequent commencement of Doha round of trade negotiations and initially, was quite contentious and unproductive, as both parties differed greatly in their trust of market forces and typically value the environment differently.
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Free traders feared that environmental protection will be used as an excuse by some economic sectors to gain protection against competition from abroad. Environmentalists feared that free trade will be used as an excuse to give inadequate weight to environmental goals and excessive weight to maximization of market-measured GDP. The importance of establishing coherent relationships between the trade obligations set out in various bilateral/multilateral trade agreements and environmental policies of countries is increasingly being recognized. clear-cut reason to expect that trade liberalization will be either good or bad for the environment. Nonetheless, some of the common concerns often highlighted are:
• Reducing barriers to trade will reinforce the tendency for countries to export commodities that make use of resource-intensive production factors. As a result of weak environmental policies, trade liberalization in developing countries may result in shifts in the composition of production, exports, and FDI to more pollution or resource intensive sectors.
• Trade liberalization may directly affect environmental standards. Intensified competition could lead to a "race to the bottom" as governments lower standards in the hope of giving domestic firms a competitive edge in world markets or attracting foreign investment.
• "Environmental tariffs" may be employed against trading partners deemed to have inadequate environmental standards. The risk being that these will be used as disguised protection for domestic firms.
In practice, however, the opposite often seems to have been the case. More open trade improves growth and economic welfare and is in itself could take some pressure on the environment by making more resources available for environmental protection.
Increased real income is also often associated with increased demand for environmental quality. Countries that are more open to trade seem to adopt cleaner technologies more quickly (WTO, 2004) . Greater openness to trade also encourages cleaner manufacturing because protectionist countries tend to shelter pollution-intensive heavy industries (World Bank, 2000) . It is often the case that pressures on the environment and natural resources-incentives to over-exploit or deplete resources, however, are more directly related to policies and institutions within the sector than to trade openness per se (World Bank, 1999) .
III. HYPOTHESES AND SPECIFICATION

a. Hypotheses
In general, trade liberalization can affect the environment through several mechanisms, such as inter-jurisdictional competition to lower standards, transfer of pollution abatement technology, cross-border spillovers, or changes to the overall scale of economies. The various effects of trade on environmental quality can be divided into three components: how trade affects the overall scale of the economy; how trade affects the techniques of production, and how trade affects the composition of industries (Copeland and Taylor, 2003 A priori, the effect on the composition of production within Vietnam in response to trade liberalization is unclear. The composition of production will depend on how the supply costs of the producers in more polluting industries changes relative to those in less polluting industries as a result of trade liberalization. Based on 'traditional' factor endowments such as capital and labor, Vietnam's comparative advantage is in laborintensive production. If less strict environmental policies do influence production decisions, 'environment' can be considered a non-traditional factor of production, and
Vietnam may have an advantage in pollution-intensive production. However, prior to trade liberalization measures that came into effect in the late 1990s, trade barriers and investment restrictions in manufacturing industries may have skewed the relative supply costs of producers and led producers to allocate resources into industries other than those dictated by traditional and non-traditional factor endowments.
Since 1997, however, effective rates of protection (ERP) have declined across all manufacturing industries 7 . As a result of increasing economic openness, domestic and foreign investors could invest in almost all manufacturing industries. As documented earlier in this paper, output and exports have increased during this period. This opening up of the economy through a reduction in trade restrictions and the selective removal of investment restrictions would influence the supply costs of producers leading to possible change in the composition of production and export.
We begin therefore by examining the degree to which the composition of Vietnam's manufacturing output has shifted towards clean or dirty sectors, and how much of that shift can be explained by changes in the composition of exports. 8 Figures 3 and 4 show 7 P. Athukorala (2005) . 8 In order to isolate this composition effect, we need a metric with which to label various industries are being relatively "clean" or "dirty." To that end, we rely on the World Bank's "Industrial Pollution
Vietnam's output, exports and pollution intensity as measured by the pollution content of its manufacturing, between 1997-2002. We find that output took off after the gradual liberalization under AFTA and USBTA, increasing by about 12 percent between 1997 and 2002. On the other hand, average predicted pollution was roughly constant over this time period suggesting that the there was no dramatic shift in the composition of manufacturing towards cleaner or dirty sectors. However, if we break down the pollution intensity by media, we find that predicted air pollution grew by 8 percent, water pollution by 18 percent and toxic pollution by 13 percent. This suggests that production became more water pollution intensive and less air pollution intensive during this time indicating a slight shift in the composition of industries away from those that are responsible for air pollution and towards those which pollute the water more. On the other hand, manufacturing exports increased by 100 percent during the same period ( Figure 4 ). Disaggregated pollution intensity of exports by source shows that Projection System (IPPS)." The predicted pollution levels are calculated by multiplying each 3-digit manufacturing industries output by the industry's IPPS coefficient, and then summing across industries to get total predicted pollution (in emissions per $ output produced) for each year for each media. In the case of export, we multiply 3-digit manufacturing exports by the industry's IPPS coefficient to obtain the predicted exports from dirty and clean industries for each year.
toxic pollution intensive exports grew at nearly the same rate as the increase in overall manufacturing exports. There was a 100 percent increase in toxic pollution intensive exports between 1997 and 2002. Water and air pollution intensive exports remained fairly constant. Thus we find that most of the predicted pollutants grew at the same rate or grew by slightly less than the exports suggesting that there was not any profound shift towards cleaner sectors.
In order to get a complete picture of the changes in composition of trade, we need to consider the changing pollution intensity of imports. The figure on pollution intensity of imports ( Figure 5 ) shows dramatic changes in the composition of imports. Unlike exports, the greatest increase in pollution intensity of imports was in water pollution intensive imports which increased nearly three times over this period while overall imports doubled. Together, the figures on output and import reveal that domestic output and imports from water pollution intensive sources increased during this period and may be indicative of an increase in domestic demand for water pollution intensive commodities and raw materials. Since the composition of exports depends on both domestic and international demand, we do not see similar trends in exports. Instead we see that Vietnamese toxic pollution intensive exports were higher than water and air pollution intensive exports. A possible reason for imports being dirtier than exports could be due the imports of intermediate goods that may have a higher pollution content.
Another way to look at industrial output and trade performance is to see how the various sectors have evolved in terms of their output and exports. Manufacturing industries can be classified into "clean" and "dirty" and their trends observed over a period of time.
This would tell us whether there has been any trade-induced shift towards cleaner or dirtier production. Mani and Wheeler (1998) and it seems to continue to be a net exporter of "clean" goods. But this evidence is only indirect. For more direct evidence we turn to a regression-based approach that controls for other factors that influence production and export decisions, and ask whether trade openness exacerbates the tendency for polluting industries to locate and/or expand due to lower domestic pollution abatement costs. 10 The approach is based on categorizing industries on the basis of their emissions intensity (emissions per $ of output) and computing average sectoral rankings for conventional air pollutants, water pollutants and toxic pollutants (Mani and Wheeler, 1998) . 1960 -1995 , Mani and Wheeler (1999 found that 'pollution haven effects' are insignificant in developing countries because production is mainly for domestic consumption, not for export.
In a more closely related study, Gamper-Rabindran and Jha (2004) in exports from industries that are more water and air pollution-intensive relative to less pollution-intensive ones. In addition, their analysis FDI inflows they suggest that foreign investments were higher in industries that were more intensive in air and water pollution.
While the situation in Vietnam differs in many respects from the Indian experience in terms of policy and scale of the economy, there are remarkable similarities in the history of their trade policies which were characterized by a long period of import-substitution, followed by rapid liberalization in a short period of time.
For this study, four hypotheses were tested using industry-level economic and environmental data for Vietnam:
1. Since 2000, Vietnam has become more specialized in the production from dirty industries relative to clean industries (the composition effect on domestic production). 
where, Y is the net turnover in manufacturing industry i for time period t measured at the 2-digit VSIC level (there are total 22 3-digit VSIC manufacturing industries); P is industry-wise pollution intensity and μ is industry fixed effects. In addition to 22 industry level effects, we also used fixed effects for dirty and clean industries, using the Mani and Wheeler (1998) 
where, X is the export from industry i as a fraction of net turnover for time period t measured at the 2-digit VSIC level (there are total 22 3-digit VSIC manufacturing industries); T is the liberalization dummy that takes the value 1 for post-2000 years and 0 otherwise; L is labor intensity, K is capital intensity, P is industry-wise pollution intensity and η is industry fixed effects and ω is the error term. We compare pre and post-2000 to examine the effects of the USBTA trade agreement on environmental composition of manufacturing goods. In addition to 22 industry level effects, we also used fixed effects for dirty and clean industries, using the Mani and Wheeler (1998) Table   3 .
Third, we measure the change in composition of exports using the following specification:
where the right-hand side variables are defined and calculated in the same way as in equation (2). Here, the variable of interest is the coefficient on the pollution intensity variable that captures the increase in exports from dirty industries relative to clean industries. If exports from dirty industries increased at a greater rate relative to cleaner industries, we would find that 3 γ > 0. The results are presented in Table 4 . 
------------------------------(4)
Equation 4 estimates the amount of FDI inflow into manufacturing industry i in year t measured at the 2-digit VSIC level. (I) is the set of other industry level characteristics that may affect FDI inflows such as industry wise productivity and industrial tax; μ is industry fixed effects and π is the error term. Similar to equations (1), (2) and (3), we also used fixed effects for dirty and clean industries based on the Mani and Wheeler (1998) classification. Industry wise productivity is measured by net value-added per worker. We also include we also amount of taxes paid by each industry as a control variable. The variable of interest is P which is the industry-wise pollution intensity. If Database. This data was also organized according to the VSIC.
To measure industrial pollution intensity we use the Industrial Pollution Projection System (IPPS) developed by the World Bank. Numerous studies use the results from IPPS for studies on countries where data is insufficient 12 . We use the assumption that global technological constraints make some industries more polluting than others.
Limitations to this assumption is discussed in Gamper-Rabindran (2001), Laplante and Meisner (2001) and Ederington and others (2004) .. Table 2 presents the regression results from on changes in the composition of manufacturing output. The dependent variable in logged manufacturing output. Column
V. EMPIRICAL RESULTS
(1) shows ordinary least square estimates, column (2) presents the results from using industry-level fixed effects, and column (3) presents the results from controlling for fixed effects between dirty and clean industries. We disaggregate pollution intensity from three media -air, water and toxic pollution intensity. Across all specifications, our regression results show that manufacturing output from more toxic pollution intensive sectors increased at a greater rate than less pollution intensive sector. Toxic pollution intensive output increased nearly 50 percent when control for fixed effects between dirty and clean industries in column (3). Absolute value of t statistics in brackets * significant at 10%; ** significant at 5%; *** significant at 1%
Descriptive analysis in Figure 3 showed that water pollution intensive output had shown the greatest percentage increase. Regression results using OLS (column 1) and fixed effects (column 3) also show that water pollution intensive output showed a positive and significant increase during this period, although the size of the coefficient on water pollution intensity is smaller than air and toxic pollution intensity. We do not find consistent results on labor and capital productivity variables.
Next, we examined the changes in composition of overall exports and changes in composition of exports in the post-USBTA period. The regression results on overall change in export composition are shown in Table 3 . As in Table 2 , column (1) shows OLS estimates, column (2) shows fixed effect estimates using industry-level fixed dummies, and column (3) show the results using dirty and clean fixed effects. Absolute value of t statistics in brackets; significant at 10%; ** significant at 5%; *** significant at 1%
The results presented in Table 3 corroborate the descriptive analysis in Figure 4 . We find robust evidence that toxic pollution intensive exports increased at a greater rate relative to less pollution intensive exports. The coefficient on toxic pollution intensive exports are significant with a positive sign. On the other hand, OLS results in column (1)and fixed effects results in column (3) show that there was a negative and significant change in air pollution intensive exports during this period. Air pollution intensive exports declined by nearly 40 percent during the period of analysis. Not surprisingly, we find that labor intensive exports have shown a positive and significant increase during this period. Table 4 presents the results comparing the changes in export composition in the pre and post-USBTA period. In addition to the pollution intensity terms, we include an interaction term between pollution intensity variable and a dummy variable that equals 1 in post-USBTA period. If pollution intensive exports showed greater increase in post-USBTA period, we would expect the coefficient on the interaction term to be positive.
Results presented in Table 4 below do not any significant results on changes in pollution intensive export in post-USBTA period compared to per-USBTA period. This is lack of evidence on export composition in post-USBTA period is, however, not surprising considering that not enough time has elapsed for there to be any noticeable changes in production capabilities and export patterns. Perhaps, a similar analysis conducted after a few more years may reveal a different pattern. On the other hand, we do find noticeable, significant increases in overall export pollution (toxic) intensity in Table 3 . Absolute value of t statistics in brackets significant at 10%; ** significant at 5%; *** significant at 1%
Finally, an interesting aspect of trade liberalization in Vietnam in that last few years has been the amount of FDI that has come in. A variant of the trade-environment debate argues that in developing countries, foreign investors are more likely to invest in pollution intensive sectors to take advantage of the cost difference in environmental compliance costs between developed and developing countries. To examine whether foreign investments in Vietnam are more attracted to the pollution intensive sectors, we examined the pollution intensity of FDI. Table 5 presents the results on the composition of foreign investments. Column (1) shows the OLS estimates and column (2) shows fixed effect estimates using dirty and clean dummies. The dependent variable is log industry-level foreign investment. Absolute value of t statistics in brackets significant at 10%; ** significant at 5%; *** significant at 1%
We find that FDI is significantly higher in toxic pollution intensity sectors. The coefficient on toxic pollution intensive FDI is 0.65*** in column (1) and 0.68*** in column (2) indicating that foreign investment was more attracted to toxic pollution intensive sectors in Vietnam. The coefficients on air and water pollution intensity are not significant. Lagged FDI (lagged by one period) is a significant predictor of current FDI.
None of the other determinants of FDI (including industrial productivity and tax rate) are found to be significant.
VI. CONCLUSIONS
Vietnam's integration with the international economy has increased significantly over the The results we observe could be an initial level effect, a big initial burst of structural change due to the economy being largely closed and relative prices distorted for such a long time. Thus, after the initial sharp changes, the reallocations may not continue. Secondly, in the absence of pollution intensity data from Vietnam, we have used pollution measures from the U.S. as proxies (as suggested by previous IPPS studies). Should pollution intensity data from Vietnam become available, it would be useful to re-examine the issue using Indian measures of pollution intensities.
Despite these caveats, this study has highlighted important gaps in the environmental policy implementation in Vietnam and enables us to make useful recommendations. In order to make specific policy recommendations on future steps, we need to identify the manufacturing sectors that have resulted in greatest increase in water pollution intensive output and toxic pollution intensive exports. Annex 3 shows the important water pollution intensive sectors as: iron and steel, non-ferrous metals, industrial chemicals, rubber and leather products. These sectors are also considered significant contributors for toxic pollution (in addition to ceramics) and consistently rank high based on the Linear Acute Human Toxic Intensity (LAHTI) 13 . Analyses of Vietnamese exports shows that the sectors have shown highest increase in exports are: textile (91 percent), leather (49 percent), and rubber products (26 percent) 14 . Of these the textile industry is also large consumer for industrial chemicals. Therefore, increased textiles exports seems to have also fueled a simultaneous increase in industrial chemicals. Similarly, export revenues from craft villages have increased significantly in recent years to the tune of almost half a billion US dollars a year. These are again a major sources of toxic and water pollution.
It is thus not surprising to note that Vietnam's exports are getting dirtier over time since its export specialization has moved away from more tradition oil and other primary commodities towards manufacturing especially leather and textile industries. The results also suggest that foreign direct investment in Vietnam reflects a similar trend with toxic intensive heavy and light industries attracting most FDI.
These findings suggest that while trade liberalization measures have been pursued to promote economic growth in Vietnam, they have led to some potentially adverse environmental consequences. These results suggest that there is a trade-off between the 13 Wheeler, et. al. (1994) 
